Abstract
pattern for a uniformly spaced array that has the minimum possible beamwidth for a given maximum sidelobe level. The pattern is obtained from the Chebyshev polynomial, and for an array of 2N + 1 elements, it has 2N nulls. All sidelobes are of equal height. The array excitations that are required for low sidelobe excitations may have large values for the end elements.
Taylor devised an analogous pattern for continuous apertures [ I ] . This pattern, called the "ideal" pattern, also has sidelobes that are all equal and requires an aperture distribution that is singular at the ends of the aperture. Taylor modified the ideal pattern by making only the first
Fi sidelobes approximately equal and by making the far out sidelobes decay as sin (@/X. This decay results in finite values of the aperture distribution at the aperture edges. The Taylor distribution is widely used and is often applied to discrete arrays. One method of determining the required aperture distributions for discrete arrays is to sample the continuous distribution at the locations of the elements. Elliott describes an alternate method for determining the element excitations (21. The excitations are made equal to the coefficients of the polynomial obtained by multiplying out the 2N factors containing the N zeros of the Taylor pattern that lie on each side of the main beam. The resulting patterns are discrete array approximations to the Taylor pattern.
In this paper a pattern analogous to the Taylor pattern is developed directly for discrete arrays. The approach is similar to that used by Taylor except that it is specifically developed for discrete arrays. The starting point is the Chebyshev polynomial. The method is described in the following section.
PATTERN ANALYSIS
The Chebyshev pattern of a linear array of 2N + 1 elements is a polynomial of degree 2N in the variable u and, consequently, has 2N zeros. The polynomial is given by the following expres- 
where q = 10sL/zo and SL is the design sidelobe level in dB. The roots or zeros of the patterns are given by the following expression:
If we define w by the following expression,
the pattern can be rewritten in product form:
The peak occurs when w = 1, that is, when $ = 0. The value of A is determined by the selected normalization criterion and for convenience may be set equal to unity in the remaining development. The roots for N < p < =2N are the complex conjugates of those for 1 < =p < =N so that the pattern may be rewritten as fol!lows.
This expression is the Chebyshev pattern.
As for any discrete, uniformly spaced array the pattern is periodic in $, with period 2 r . Thus, as with any such array, if the pattern is not to repeat in real space the element spacing must not exceed one haif-wavelength. a function of $ is illustrated for a 41-element array with a design sidelobe level of 25 dB, and Ti = 6, in Fig. 1 . It exhibits the characteristics of a continuous Taylor pattern. However, it is inherently the pattern of a discrete array. Therefore, the element excitations can be determined to produce this pattern exactly.
ARRAY EXCITATION
The array excitation can be derived in the following manner. The pattern is expressed in terms of the element excitations, an, as follows:
This expression is valid for any uniformaly spaced array of 72N+ 1 elements. For the case of interest here, E(2mn/ (2N + 1) ) is zero exceot when 4ii -1) < m < ( i i -1) . Thus, for the discrete of the Taylor array equivalent of the Taylor pattern, the array excitation tions, the array pattern was calculated from these excitations coefficients are given by the following expression:
and was found to be identical to the pattern in Fig. 1 . 
-(A'-I ) < p < N -
The excitation coefficients for the 4lelement, 25 dB.
array are listed in Table I . As a check on the excitation calcula-2N -2 N x sin2 (2)
Comparison with Root Matching Techniques
It is of interest to compare the results of this method with those obtained by root matching of the pattern of a continuous aperture of length ( 2 N -I-1)d. Consider a pattern with E equal to 6 and a 30 dB design sidelobe level. The root locations of the pattern of a 21-element array as calculated from the method derived in this paper are compared with those of the pattern of the continuous aperture in the top part of Table 11 . A similar comparison for patterns with Z equal to 3, a 30 dB sidelobe level and an array with 11 elements is made in the bottom part of Table 11 . From these tables it is evident that the 2Nroots of the patterns of the discrete arrays and the continuous apertures essentially coincide. Consequently, the excitation and resulting pattern of a discrete array as obtained by root matching of the continuous-aperture pattern must be essentially the same as that obtained by the method of this paper.
Camparison with Sampling Method
An additional comparison was made with the results obtained by exciting the array elements with the values of the continuous aperture distribution evaluated at the locations of the elements.
The length of the continuous aperture was taken as (UV + 1)d.
The element excitations for a 2lelement array with 20 dB sidelobes and ii = 6 are compared in Table 111 for the method of this paper and for the sampling method. There is very little difference in the excitations. The patterns are shown in Fig. 2 . The patterns are essentially indistinguishable. For larger arrays the agreement is even better.
CONCLUSION
From the foregoing development, it is seen that for a discrete, uniformly spaced array, the equivalent of the Taylor pat- 
